Introduction based daily energy budgets may overcome these problems and give insight into the day-to-day variation of embryonic growth In avian eggs, the extraembryonic membranes (amnion, yolk and maintenance costs. sac membrane, and chorioallantois) need to be fully developed The daily energy expenditure of an egg can be divided into five cost factors: (1) maintenance of the embryo, that is, the *To whom correspondence should be addressed. Present address: Centre for metabolic costs to maintain the embryonic tissue in a steady Ecological and Evolutionary Studies, Zoological Laboratory, University of Grostate; (2) synthesis costs, that is, the costs of depositing new ningen, P.O.Box 14, 9750 AA Haren, The Netherlands; E-mail: m.w.dietz@biol .rug.nl. embryonic tissue and thus not the energy content of the deposited tissues (which is here factor 5); (3) muscular activity (parPhysiological Zoology 71(2): 147 -156. 1998 . ᭧ 1998 by The University of Chicago. All rights reserved. 0031-935X/98/7102-9550$03.00 ticularly during the hatching process); (4) growth and metabo9g12$$mr03 03-03-98 08:14:19 pzal UC: PHYS ZOO lism of the extraembryonic membranes (which are relatively Metabolic Rate large early in incubation); and (5) energy deposited as new Metabolic rates of the eggs were measured daily during develembryonic tissue, energy that is not included in the metabolic opment through hatching. In turkeys, metabolic rate was mearate of an egg as measured by its oxygen consumption. The sured on pairs of eggs initially and, from day 11 onward, on total costs of growth for an embryo are thus the amount of individual eggs or hatchlings (174 eggs in total). In guinea energy deposited in new tissue plus the costs needed to synthefowl, metabolic rate was determined in pairs of eggs initially size these tissues (factors 2 and 5). The synthesis costs depend and, after day 19, in individual eggs or hatchlings (186 eggs in on the synthesis efficiency (i.e., the energy deposited divided total). In quail, metabolic rate was measured on groups of by the costs of growth), which is apparently about 0.75 in three or four eggs initially, on pairs on days 12 and 13, and postnatal and adult mammals and birds (Ricklefs 1974) . In on individual eggs or hatchlings thereafter (142 eggs in total). embryos, synthesis efficiencies may be higher because the costs When metabolic rate was measured on a group of eggs, fresh of energy intake and heat increment of feeding are presumably mass and water vapor conductance of the eggs were within the relatively low. In the latter half of the incubation period, when 5% range around the mean values of the group. Eggshell water the embryos deposit large amounts of energy, a small increase vapor conductance (mg d 01 Torr
01
, where 1 Torr Å 133.322 in the synthesis efficiency will result in a large decrease in Pa) was measured during the first half of the incubation period synthesis costs. The synthesis efficiency could thus be an imfollowing the method described by Tullett (1981) . portant factor in the energy budget of an avian embryo.
The metabolic chambers (0.4 L; 20 chambers available) were This study aims to gain insight into how the energy budgets ventilated with dry air. Chamber temperature was equivalent to of galliform eggs are balanced during the plateau phase of egg incubation temperature. Flow rates were adjusted by a mass metabolic rate. We do this by calculating daily energy budgets flowmeter (Hi-Tec F201/EB; maximum flow, 500 mL min
), via two methods. In the first model, synthesis costs are calcuso that O 2 and CO 2 concentrations of the dried outlet air did lated with an assumed synthesis efficiency. In the second not drop below 20% or rise above 1%, respectively. After the model, the synthesis costs are calculated independently from eggs were put into the metabolic chambers, the system was any assumption on the synthesis efficiency. We used Galliallowed to reach equilibrium during a period of at least 60 min. formes with a relatively short plateau in egg metabolic rate Thereafter, O 2 and CO 2 concentrations of the dried outlet air (Japanese quail, Coturnix coturnix japonica, and domestic from each chamber were measured continuously with a parachicken, Gallus domesticus) and Galliformes with a longer plamagnetic O 2 analyzer (Taylor Servomex OA184) and an infrared teau phase (domestic turkey, Meleagris gallopavo, and domestic CO 2 analyzer (Heraeus Leybold Binos), respectively, until a staguinea fowl, Numida meleagris). Data for the domestic chicken ble registration for approximately 10 min was obtained. On were obtained from Romanoff (1967) Hill 1972) . 6), guinea fowl (51.20 { 0.17 g SEM; strain: Galor), and Japanese quail (14.53 { 0.07 g SEM; meat type) were weighed before storage at approximately 18ЊC for 3 -5 d before the start Embryo Mass and Composition of incubation. Turkey and guinea fowl eggs were incubated initially at 37.5Њ and 37.2ЊC and 53% and 50% relative humid-At most ages, a sample group of four eggs was opened after measuring metabolic rate. Fresh mass of these eggs was within ity, respectively, and automatically turned hourly. At day 25 of incubation, individual eggs were laid horizontally in mesh the 5% range of mean fresh mass of all eggs of that species, while the eggshell water vapor conductance was within the wire boxes and further incubated at 37.0ЊC and 80% -85% relative humidity (both species). Quail eggs were incubated at 15% range of the mean of all eggs. The variation in water vapor conductance between eggs was larger than the variation 37.6ЊC and 80% relative humidity throughout the incubation period and turned hourly automatically. At day 15, individual in fresh egg mass, and it was not possible to limit the sample of eggs to a small water vapor conductance range. eggs were laid horizontally in mesh wire boxes. In all species, the eggs were no longer turned after they were put into the After opening the egg, the embryo was separated from the membranes and yolk and blotted dry before being weighed to mesh wire boxes. After the first occurrence of external pipping, the eggs were regularly checked for hatching (approximately the nearest 0.1 mg. Water content was determined by freezedrying to constant mass. Thereafter, the fat content was deterevery 2 h during daytime and every 4 h during nighttime). son, two series of energy budgets were calculated assuming a minimal and a maximal synthesis efficiency. The minimal As stated in the introduction, the daily energy expenditure of an egg could be divided into five components: (1) embryonic synthesis efficiency was assumed to be the general net synthesis efficiency of birds (0.75; Ricklefs 1974), which will most likely maintenance, (2) synthesis costs, (3) muscular activity, (4) growth and metabolism of the extraembryonic membranes, underestimate the embryonic synthesis efficiency and thus overestimate the synthesis costs. Therefore, these calculations and (5) energy deposited as new embryonic tissue. Only the last component, the rate of energy deposited in the embryonic represent the upper limit of the synthesis costs. We will refer to these calculations as the ''minimum synthesis model.'' tissues (E tis , kJ d 01 ), was easy to determine -in our case, by multiplying the amounts of fat and fat-free dry matter depos-
In the minimum synthesis model, it was assumed that the synthesis efficiency remained constant throughout incubation, ited by their energetic values (37.7 and 20.5 kJ g 01 , respectively; Ricklefs 1974): E tis Å 37.7 1 (grams of deposited fat) / 20.5 which might be invalid. An indication of the variation in synthesis efficiency with incubation time and its effect on the 1 (grams of deposited fat-free dry matter). Estimating the other four components of the energy budget was possible only energy budget was assessed by calculating daily maximal synthesis efficiencies. Using the theoretical, maximal biochemical if some assumptions were made.
Because embryonic activity was generally low (Hamburger efficiencies of the deposition of fat from fat (0.96) and protein from protein (0.86; Blaxter 1989), we estimated the daily maxi-1963), muscular activity costs were considered negligible. The metabolism of the extraembryonic membranes was assessed by mal synthesis efficiency (e max ) : e max Å [0.96 1 (energy deposited in fat) / 0.86 1 (energy deposited in fat-free dry matter)]/ using values determined for the domestic chicken (Romanoff 1967) . We assumed that in all species the ratios of the metabo-(total energy in deposited tissue). The daily maximal synthesis efficiency will always overestimate the true synthesis efficiency lism of extraembryonic membranes and egg metabolic rate were equal at the same relative incubation time, and we esti-and thus underestimate the synthesis costs. These calculations therefore represent the lower limit of the synthesis costs. We mated the metabolism of extraembryonic membranes (M memb , kJ d 01 ) as follows: M memb Å M egg 1 (M memb, chicken /M egg, chicken ), will refer to these calculations as the ''maximum synthesis model.'' where M memb, chicken and M egg, chicken are the extraembryonic membrane and overall egg metabolic rate, respectively, of the In the second model, the maintenance model, the embryonic maintenance costs were estimated first. Galliform embryos do domestic chicken, and M egg is the average egg metabolic rate of the species in question (Romanoff 1967) . It was impossible not actively regulate their body temperature, although after internal pipping, incipient thermoregulation may develop to estimate the amount of energy deposited in new extraembryonic membrane tissues, because we could not separate the yolk (Whittow and Tazawa 1991) . Therefore, maintenance metabolism was estimated from the allometric relationship between well enough from the yolk sac membrane in our eggs, and Romanoff (1967) did not present the fat and protein content adult, reptilian basal metabolic rate at 38ЊC and body mass (Schmidt-Nielsen 1984, Table 7 .5). This ambient temperature of all three membranes. Early in incubation, when most of the membrane growth occurs, the overall energy demand of the was very close to the incubation temperature, which suggests that it was appropriate to use this allometric relationship. While extraembryonic membranes was thus clearly underestimated. However, the energy deposited in the membranes, like the estimating embryonic maintenance, the major difference in water content between embryos and adults should also be taken energy deposited by the embryo, is not incorporated in overall egg metabolic rate as measured by its oxygen consumption. into account. Embryonic water content exceeds that of adults and varied with incubation time (see Results). Assuming an This means that missing the energy deposited by the membranes in the overall daily energy budget will not effect the adult reptilian water content of 70% (van Marken Lichtenbelt et al. 1993) , we calculated embryonic maintenance costs in estimates of embryonic maintenance, synthesis costs, and synthesis efficiency, which are the estimates of interest here.
two steps. ) by correcting the result of the first step for the water content differences: M main Å m dry 1 (BMR/ 0.3m), where 0.3m represents dry mass based on the reptile water content and m dry is the actual dry embryonic mass (kg). The synthesis costs (E syn , kJ d 01 ) were then calculated as follows:
Thus, in the maintenance model, no assumptions were made concerning the embryonic synthesis efficiency. From the results of the maintenance model, a synthesis efficiency (e syn ) was calculated for each day as follows: e syn Å E tis /(E tis /E syn ). Reasonableness of the assumptions made in the maintenance model to estimate the embryonic maintenance costs was easily checked. The maintenance and synthesis costs and daily synthesis efficiencies obtained from the maintenance model should fall within the range obtained from the minimum and maximum synthesis models, which represent upper and lower limits of the reliable range.
Statistics
All data are presented as mean { SEM. Unfortunately, Romanoff (1967) presented his data normalized to an average egg of 60 g (fresh mass) and without SEM. Comparisons were Figure 1 . Change in egg metabolic rate (mean { SEM, except in chicken, because Romanoff [1967] presented only means), with made by ANOVA with SYSTAT (Wilkinson 1990 ).
relative incubation time in turkey, guinea fowl, quail, and chicken (incubation periods are 28, 28, 17, and 21 d, respectively). Numbers of egg groups or eggs (see Material and Methods) varied from two in the first three sample days to 60 in the plateau phase.
Results
Number of hatchlings was four. Filled circles, eggs; open circles, hatchlings. Note that in general the SEM was very small and fell
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within the size range of the symbols used.
In all species, the increase of egg metabolic rate with incubation metabolic rate increased rapidly, representing the hatching time reached a plateau at about 80% of the incubation period costs. (Fig. 1) . The plateau length was 4 d in turkeys and guinea fowl During incubation, embryonic water content decreased from (in both species from day 22 to day 25; n Å 181, F 3, 177 Å 1.593, about 93% early in incubation to a stable value of about 80%. P ú 0.1 and n Å 162, F 3, 158 Å 0.626, P ú 0.5 for turkeys and
The onset of this stable phase coincided roughly with that of the guinea fowl, respectively) and 2 d in quail (day 14 -15; n Å 64, plateau in metabolic rate and ranged from day 22 to day 27 in F 1,62 Å 0.652, P ú 0.5) and chickens (day 17 -18). A plateau turkeys (80.2% { 0.2%; n Å 24, F 5, 18 Å 0.788, P ú 0.5), from could not be detected in the development of dry embryo mass, day 23 to day 28 in guinea fowl (78.0% { 0.2%; n Å 24, F 5, 18 Å which increased continuously with incubation time (Fig. 2) .
2.049, P ú 0.1), from day 14 to day 17 in quail (80.2% { 0.3%; The difference in development between egg metabolic rate and n Å 15, F 3, 11 Å 1.139, P ú 0.3), and from about day 18 to day dry embryo mass was more obvious when the daily increases 21 in chickens (80.5% { 0.6%; n Å 4). During the first half of in egg metabolic rate and dry embryo mass (i.e., growth rate) incubation, embryonic fat content was low (õ20% of dry embryo were plotted versus relative incubation time (Fig. 3A, B) . Emmass). In the second half of incubation, the fat content increased bryonic growth rate increased until about 70% of the incubaconsiderably, up to about 30% of the dry mass at the end of tion period. Thereafter, it declined slightly or was more or less incubation. Increasing fat content resulted from an increase in the stable, remaining above zero. In other words, embryo mass fraction of fat deposited in new tissue, which occurred around increased continuously throughout incubation. In contrast, the the plateau phase in egg metabolic rate (Fig. 3C ). daily increase in egg metabolic rate decreased dramatically from about 70% of incubation onward, approaching almost zero Energy Budgets during the plateau phase. The increase in embryo mass was thus not reflected in the daily increase in egg metabolic rate. The embryos deposited high amounts of energy during incubation. After the onset of rapid embryonic growth, the energy At the end of the plateau phase, the rate of increase in egg 9g12$$mr03 03-03-98 08:14:19 pzal UC: PHYS ZOO 2.97 times those of the maximum synthesis model (23.5% { 1.5%). Because of these high synthesis costs, embryonic maintenance costs calculated from the minimum synthesis model were low and even negative at certain days of incubation (Fig. 4A) . Furthermore, the start of increase in embryonic maintenance occurred in the minimum synthesis model well after the onset of rapid embryonic growth and coincided with the onset of the plateau in metabolic rate. The maintenance costs calculated from both the maximum synthesis and maintenance models, however, increased from onset of rapid embryonic growth onward (Fig. 4B, C) . This suggests that the actual embryonic synthesis efficiency must have been higher than 0.75. Figure 4 also shows that the increase in maintenance after the plateau phase, which reflects hatching costs, was not present Figure 2 . Change in dry yolk-free embryo mass (mean { SEM, except in chicken, because Romanoff [1967] presented only means), with relative incubation time in turkey, guinea fowl, quail, and chicken. Numbers were four eggs or hatchlings per age, except for days 9 and 15 in turkeys (n Å 3) and days 6, 8, 9, 11, 12, and 16 in quail (n Å 1, 1, 5, 3, 3, and 3, respectively). Filled circles, yolk-free embryo; open circles, hatchling. Note that in general the SEM was very small and fell within the size range of the symbols used. deposited in new embryonic tissue increased from about equal to egg metabolic rate to two and sometimes even three times egg metabolic rate. A small change in synthesis efficiency will thus have a large impact on the synthesis costs and, consequently, on the calculated maintenance. To compare the results of the energy budgets calculated according to the two models in a simple way, values were averaged over the period between the onset of rapid growth and the first day of the plateau phase in metabolic rate and expressed proportional to egg metabolic rate (Table 1) . During this period, embryo mass exceeded 50% of hatching mass, embryo growth rate was high, membrane metabolism was stable, and egg metabolic rate increased as was expected from the increasing embryonic mass. This suggests that no major changes occurred in the system that could effect the energy budgets.
The slightly different synthesis efficiencies used in the minimum and maximum synthesis models yielded strikingly different synthesis costs (Table 1 ). The minimal synthesis efficiency in the maintenance model. In this model, the embryonic mainComparing the results of the maintenance and minimum synthesis models revealed that the average synthesis efficiency tenance costs were estimated from reptilian basal metabolic rate and thus excluded activity costs. Possible activity costs calculated from the maintenance model was slightly higher than the minimal synthesis efficiency (1.04 times), while the were included in the calculation of the synthesis costs, and, consequently, the synthesis costs showed a sharp increase after relative synthesis costs were only 0.8 times those calculated from the minimum synthesis model. In other words, in the the plateau phase (Fig. 5C ). During the hatching period, the maintenance model thus overestimated the synthesis costs and maintenance model the synthesis costs were 20% lower. Comparing the results of maintenance and maximum synthesis underestimated the synthesis efficiency.
During the period of rapid embryonic growth, the average model revealed that the average synthesis efficiency calculated from the maintenance model was 0.9 times the maximal value, synthesis efficiency from the maintenance model fell between the minimal value (0.75) and the average maximal daily synthe-while the relative synthesis costs were 2.4 times those of the maximum synthesis model. This shows clearly that, because sis efficiency, with the exception of quail, where the estimated synthesis efficiency exceeded the average maximal daily synthe-of high embryonic growth rates, the assumed synthesis efficiency has a major impact on the calculated synthesis costs sis efficiency (Table 1) . Since the actual synthesis efficiency cannot exceed the maximal daily synthesis efficiency, the results and consequently on the overall energy budget of avian embryos. from the maintenance model were considered to be unreliable in quail and were excluded from further analysis. The average estimated synthesis efficiency did not differ between the three Mass-Specific Maintenance and Synthesis Costs remaining species (overall synthesis efficiency: 0.78 { 0.01; n Å 16, F 2, 13 Å 0.065, P ú 0.9) and was significantly higher Using embryonic dry mass and dry growth, we were able to calculate mass-specific maintenance and synthesis costs. As exthan 0.75. The average relative synthesis costs were slightly, but significantly, higher in turkey than in guinea fowl and plained earlier, the results from the maintenance model should fall within the range set by the results from the minimum and chicken (Table 1 ; n Å 16, F 2, 13 Å 6.129, P õ 0.02). We nevertheless combined these three species to compare the results maximum synthesis models, which represent the upper and lower limits of the synthesis and maintenance costs. with the other models.
9g12$$mr03
03-03-98 08:14:19 pzal UC: PHYS ZOO incubation time differed between the three models (Fig. 6B ).
In the minimum synthesis model, where the synthesis efficiency used was constant, the mass-specific synthesis costs increased around the plateau phase in egg metabolic rate. This increase reflects the increase in the energy deposited due to the increasing fat fraction in deposited tissue (Fig. 3C ). In the maximum synthesis model, daily maximal synthesis efficiencies were estimated by using the composition of tissue deposited. The maximal synthesis efficiency increased slightly around the plateau phase (Fig. 7A) , as fat deposition has a higher theoretical synthesis efficiency than protein. Because of this slight increase in synthesis efficiency, the mass-specific synthesis costs from the maximum synthesis model remained constant throughout incubation (Fig. 6B ). The maintenance model overestimated the synthesis costs and underestimated the synthesis efficiency dur- In all models, mass-specific maintenance decreased rapidly with incubation time initially, reaching its lowest level at about 80% of incubation time, that is, at the onset of the plateau in metabolic rate (Fig. 6A) . Thereafter, mass-specific maintenance remained more or less stable. Hatchling mass-specific metabolic rate was much higher than mass-specific embryonic maintenance just before hatching, because hatchlings are achieving homeothermy, and their metabolic rate may also include costs of biosynthesis. The mass-specific maintenance costs from the maintenance model were not out of the range set by the two synthesis models, which suggests that the estimate used for maintenance, reptilian basal metabolic rate, may In contrast to mass-specific maintenance, the shape of the models and the maintenance model (C). The shaded bars indicate the plateau phase in egg metabolic rate.
relationships between mass-specific synthesis costs and relative 9g12$$mr03 03-03-98 08:14:19 pzal UC: PHYS ZOO
Discussion
By calculating daily energy budgets of developing eggs and their components and by varying the assumptions used in the calculations, it is possible to gain insight not only into the energetic costs of embryonic maintenance and growth but also into the underlying physiological processes. However, as all measurements have to be made on different individual eggs, care should be taken that factors affecting metabolic rate and embryo mass, such as egg mass and eggshell water vapor conductance, are controlled for as much as possible. As shown, results from the models in which the synthesis costs were estimated with an assumed synthesis efficiency were very sensitive to the value of synthesis efficiency used (minimum and maximum synthesis models). Therefore, we also have calculated energy budgets according to a model in which no assumptions were made on the synthesis efficiency, but which was affected by the estimate of maintenance costs (maintenance model).
We estimated embryonic maintenance from the allometric relationship for adult reptilian basal metabolic rate at 38ЊC and corrected for the differences in water content between adult reptiles and galliform embryos. The results show that this estimate may not have been entirely valid, especially early and late in incubation. Problems could lie with the allometric relationship itself or with the adult reptilian water content estimation, ing hatching (see previous section). Therefore, mass-specific synthesis costs or synthesis efficiencies calculated from the maintenance model are not presented for this period. Massspecific synthesis costs from the maintenance model decreased initially with incubation time, reaching lowest values around the onset of the plateau phase in metabolic rate (Fig. 6B) . The estimated synthesis efficiency from maintenance model showed a reversed relationship with incubation time; it increased with incubation time initially toward the highest values at the pla- incubation.
9g12$$mr03 03-03-98 08:14:19 pzal UC: PHYS ZOO or they could also be caused by changes in the maturity of the varies with age, temperature, composition of diet, and type of substance accumulated (Ricklefs 1974) . The increase in the embryo.
For both models, a problem may also be found in the estima-ratio between deposited fat and fat-free dry matter around the plateau phase (Fig. 3C) will probably increase the synthesis tion of the metabolic rate of the extraembryonic membranes. Ar et al. (1987) measured metabolic rate of the chorioallantoic efficiency (Blaxter 1989) . Furthermore, the synthesis efficiency may increase from a change in the substrate used to synthesize membrane and found an oxygen consumption that was twice that given by Romanoff (1967) , the value used here. If this fat (Ricklefs 1974) . The synthesis efficiency of fat is highest when fat is used as a substrate (Blaxter 1989) . Our data do difference applies to all extraembryonic membranes, the membrane metabolism component doubles. This will result in a not allow a reliable indication of the substrates used for fat deposition. However, at the end of incubation, selective uptake decrease in maintenance costs when using our synthesis models and a decrease in synthesis costs when using our maintenance of yolk fat occurs (M. W. Dietz, unpublished data), which suggests that at least during the plateau phase, fat was deposited model. As a result, energy budgets from the maintenance model will approach the results from the maximum synthesis model. directly from fat absorbed from yolk.
Apart from decreasing the synthesis costs, the embryo has To explain the paradox of the plateau phase of metabolic rate, the changes in the different components of the energy other possible ways to change the allocation of energy in favor of maintenance. One is a decrease in activity. Activity costs budget during incubation should be followed. Mass-specific maintenance was high early in incubation. This is probably were neglected in the calculation of the energy budgets, and estimation is troublesome. Spontaneous muscular activity bemainly due to the cell and organ differentiation that occurs early in incubation. In domestic chicken embryos, the prelimi-gins early in the ontogeny of the chicken embryo (days 4 -5) and increases during development (Hamburger 1963) . At the nary brain and heart structure and the gut with its initial connection to the yolk are completed at day 5 of incubation last day of the plateau phase, the chicken embryo changes its position in the egg into the ''hatching position' ' (Hamburger (Romanoff 1960) . With the completion of preliminary organ structures, it is possible that the costs of differentiation may and Oppenheim 1967). This process may take several hours, and the amount of spontaneous activity occurring besides the decrease, resulting in a decrease in mass-specific maintenance. From the plateau onward, mass-specific maintenance remains position change does not change much. Therefore, it seems unlikely that the activity costs at the last day of the plateau stable (Fig. 6A) . Precocial hatchlings possess functional sensory, neuromuscular, and thermoregulatory systems (Whittow were lower than at the first day.
Another possibility involves the formation of oxygen-rich and Tazawa 1991). Vleck et al. (1979) suggested that maturation of these systems especially occurs at the end of incubation. metabolites such as glycogen. Glycogen is a major energy source during pipping, and it is used in anaerobic glycogenolyThis increased maturity, together with the increasing activity costs due to the hatching process, is expected to induce an sis (Freeman 1969) . During the formation of glycogen, oxygen is chemically bonded to oxygen-poor metabolites, as suggested increase in mass-specific maintenance at the end of incubation. The results show, however, no indication of this expected in-by low respiratory quotient values (Beattie 1964; Freeman 1969) . Before the plateau phase, glycogen is formed and stored crease. Note that an increase in mass-specific maintenance may be very unfavorable during the plateau phase in metabolic in the liver. At the beginning of the plateau phase, this process ends (Freeman 1969) . A higher atmospheric concentration of rate, as the embryo continues to grow but apparently cannot increase its oxygen consumption, unless it can tolerate a lower oxygen (23.5%) during the plateau phase or removal of the eggshell at the air cell increases the amount of glycogen stored blood O 2 tension and a higher CO 2 tension (Rahn 1981; Okuda and Tazawa 1988). in the liver at the end of the plateau phase (Beattie 1964; Christensen and Donaldson 1992) . This suggests that the forAt the onset of the plateau phase, mass-specific maintenance reaches its lowest level and probably remains at that level there-mation of glycogen is depressed during the plateau phase, so that more oxygen is available for other processes. However, after. Because embryo mass continues to increase during the plateau phase, overall maintenance costs will increase. As egg the significance of this process cannot be evaluated, as the amount of oxygen involved in glycogen formation could not metabolic rate remains constant, another component(s) of the energy budget is expected to decrease to balance the energy be separated from the maintenance component.
Finally, anaerobic metabolism could occur, but this is not budget, for example, the synthesis costs. The results of the maintenance model, showing a decrease in mass-specific syn-likely because the energetic output of anaerobic metabolism is much lower than that of aerobic metabolism (Blaxter 1989) . thesis costs during the plateau, indicate that this might occur. A decrease in synthesis costs can be achieved in several ways. Also, the concentration of lactate in blood plasma in chicken embryos does not increase before internal pipping (Tazawa et First, the synthesis costs may decrease by decreasing (slightly) the amount of tissue deposited during the plateau phase, such al. 1983).
In summary, during the plateau phase an embryo may as is found in the turkey (Fig. 3B) . Second, the synthesis costs will decrease rapidly if the synthesis efficiency increases. In change its energy allocation in favor of maintenance costs in three ways: a decrease in growth rate, an increase in the synthepostnatal and adult mammals and birds, the synthesis efficiency 9g12$$mr03 03-03-98 08:14:19 pzal UC: PHYS ZOO
